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(57) ABSTRACT 

Methods, articles of manufacture, and systems for improv 
ing the performance of a client accessing data from a 
database server are provided. For some embodiments, the 
client may access statistical information regarding the data, 
such as that commonly contained in indexes (e.g., encoded 
vector indexes), conventionally generated for use by a query 
optimizer. Based on the statistical information (e.g., if 
distinct values from a ?eld or column of the database are 
likely to be returned often), the client may generate and 
cache pre-formatted data records containing pre-formatted 
data corresponding to distinct values of data stored in the 
database. Rather than format each distinct value as it is 
received from the database, the client may retrieve the 
pre-formatted data corresponding to the distinct value from 
the pre-formatted data records, thereby avoiding repeatedly 
formatting the same distinct value. 

For some embodiments, based on the statistical information 
regarding the data, the client may request that the server 
send small byte-code representations of data from the data 
base, rather than the actual data. The small byte-code 
representations may be signi?cantly smaller than the actual 
represented data, thus reducing network traffic betWeen the 
client and server. The client may then retrieve the actual 
represented data from a corresponding data representation 
record. 
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PRE-FORMATTED COLUMN-LEVEL CACHING 
TO IMPROVE CLIENT PERFORMANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to process 
ing data and more particularly to enhancing the performance 
of a client through the utilization of statistical information 
regarding the distribution of requested data to be processed 
by the client. 

[0003] 2. Description of the Related Art 

[0004] Databases are computeriZed information storage 
and retrieval systems. A relational database management 
system is a computer database management system (DBMS) 
that uses relational techniques for storing and retrieving 
data. The most prevalent type of database is the relational 
database, a tabular database in Which data is de?ned so that 
it can be reorganiZed and accessed in a number of different 
Ways. A distributed database is one that can be dispersed or 
replicated among different points in a netWork. An object 
oriented programming database is one that is congruent With 
the data de?ned in object classes and subclasses. 

[0005] Regardless of the particular architecture, in a 
DBMS, a requesting entity (e.g., a client or client applica 
tion) demands access to a speci?ed database by issuing a 
database access request. Such requests may include, for 
instance, simple catalog lookup requests or transactions and 
combinations of transactions that operate to read, change 
and add speci?ed records in the database. These requests are 
made using high-level query languages such as the Struc 
tured Query Language (SQL). Illustratively, SQL is used to 
make interactive queries for getting information from and 
updating a database such as International Business 
Machines’ (IBM) DB2, Microsoft’s SQL Server, and data 
base products from Oracle, Sybase, and Computer Associ 
ates. The term “query” denominates a set of commands for 
retrieving data from a stored database. Queries take the form 
of a command language that lets programmers and programs 
select, insert, update, ?nd out the location of data, and so 
forth. 

[0006] Generally, the DBMS includes a query optimiZer 
component con?gured to determine the manner in Which 
queries Will be processed. The primary task of the optimiZer 
is to determine the most ef?cient Way to execute each 
particular query against a database. To this end, the opti 
miZer typically determines an access plan for use in execut 
ing the query against the database. In general, the access 
plan contains loW-level information indicating precisely 
What steps the system is to take to execute the query. 
Commonly, the access plan calls for the use of one or more 
indexes carefully designed to speed execution of the query. 
Database indexes provide a relatively quick method of 
locating data of interest Without a full sequential search 
through the table, Which Would entail accessing each roW. 

[0007] In general, indexes provide statistical information 
regarding distribution of the data Within a particular data 
base ?eld, such as a particular column of a relational 
database. Examples of the type of statistical information 
provided by an index include the number of distinct values 
stored in a column and the number of occurrences of each 
distinct value Within the column. The optimiZer may use this 
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statistical information to decide Whether to use indexes 
and/or Which indexes to use. For example, the index may 
indicate that a relatively small number of distinct values 
occur in a column of a table having a relative large number 
of roWs. Therefore, the optimiZer may access the index to 
determine Which roWs has a requested value. In such a case, 
the use of indexes typically results in a considerable reduc 
tion in the total number of I/O requests that must be 
processed in order to locate the requested data. On the other 
hand, if the number of distinct values is large relative to the 
total number of roWs, a full sequential search for the 
requested data may be more ef?cient. 

[0008] Commonly, a client requesting the data must per 
form a number of formatting operations after receiving the 
requested data. For example, the client may be required to 
convert a ?eld from one format (e.g., a string of characters) 
to another format (e.g., an integer) for use in a particular 
operations performed by the client. In some cases, the 
statistical information contained in indexes may be used to 
enhance the performance of such formatting operations. For 
example, if a column contains a relatively small number of 
distinct values (as in the case described above), the client 
may store locally (e. g., in a cache) each of the distinct values 
in the converted format. Rather than perform the formatting 
operations each time one of the values is retrieved from the 
column, the client may simply retrieve the formatted value 
from the cache, thus reducing the processing overhead of 
formatting (creating a neW object to hold the formatted 
value, converting the data, etc.). 

[0009] HoWever, conventional use of indexes has been 
limited to optimiZing access of data from the database and 
does not extend to the requesting client. Accordingly, there 
is a need for an improved method of enhancing performance 
of a requesting client through the use of statistical informa 
tion, such as that commonly contained in database indexes. 

SUMMARY OF THE INVENTION 

[0010] The present invention generally provides methods, 
articles of manufacture and systems for enhancing the 
performance of applications requesting data from a database 
by utiliZing statistical information regarding the requested 
data. 

[0011] For some embodiments, a method for use by a 
client in accessing and manipulating data from a data source 
generally includes obtaining information regarding one or 
more distinct data values of a ?rst format stored in a ?eld of 
a data source to be queried by the client and, based on the 
information, generating one or more data objects, each 
containing one of the distinct values and a corresponding 
pre-formatted data value of a second format. 

[0012] For some embodiments, the article of manufacture 
generally includes a computer-readable medium containing 
a program Which, When executed by a processor, performs 
operations for accessing and manipulating data from a data 
source. The operations generally include obtaining informa 
tion regarding one or more distinct data values of a ?rst 
format stored in a ?eld of a data source to be queried by the 
client and, based on the information, generating one or more 
data objects, each containing one of the distinct values and 
a corresponding pre-formatted data value of a second for 
mat. 
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[0013] For some embodiments, the system generally 
includes a database having at least one ?eld With one or 
more distinct values stored therein and a client system. The 
client system generally includes a cache, one or more 
pre-formatted data records contained in the cache, each 
pre-formatted data record containing one of the distinct 
values and corresponding pre-formatted data, and an appli 
cation. The application is generally con?gured to receive, 
from a server of the database, data comprising at least one 
of the distinct values, and to retrieve, from a corresponding 
one of the pre-formatted data records, pre-formatted data 
associated With the distinct value received from the server. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] So that the manner in Which the above recited 
features, advantages and objects of the present invention are 
attained and can be understood in detail, a more particular 
description of the invention, brie?y summariZed above, may 
be had by reference to the embodiments thereof Which are 
illustrated in the appended draWings. 

[0015] It is to be noted, hoWever, that the appended 
draWings illustrate only typical embodiments of this inven 
tion and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective 
embodiments. 

[0016] FIG. 1 is a computer system illustratively utiliZed 
in accordance With the present invention. 

[0017] FIG. 2A is a relational vieW of softWare compo 
nents of one embodiment of the present invention. 

[0018] FIG. 2B illustrates an exemplary encoded vector 
index (EVI) that may be utiliZed in accordance With the 
present invention. 

[0019] FIGS. 2C-E illustrate exemplary data objects that 
may be utiliZed in accordance With the present invention. 

[0020] FIG. 3 is a How chart illustrating exemplary opera 
tions for accessing data according to aspects of the present 
invention. 

[0021] FIG. 4 is a How chart illustrating exemplary opera 
tions for processing column level statistics according to 
aspects of the present invention. 

[0022] FIG. 5 is a How chart illustrating exemplary opera 
tions for serving data according to aspects of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] The present invention generally provides methods, 
articles of manufacture and systems for enhancing the 
performance of a client or client application by utiliZing 
statistical information regarding data requested thereby. In 
some embodiments, the statistical information may be con 
tained in commonly used database objects, such as a 
indexes. HoWever, rather than con?ne the use of the statis 
tical information contained in such objects to a query 
optimiZer, as in conventional systems, the present invention 
extends the use of the statistical information to the request 
ing client. Through this extension, the requesting client may 
advantageously utiliZe techniques, such as column level 
caching to reducing formatting operations and associated 
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processing overhead. According to another aspect of the 
present invention, the statistical information may be utiliZed 
to reduce netWork traf?c betWeen the requesting client and 
a database server. For example, the database server may 
send relatively small representations of large data values, 
rather than the actual values, thus consuming less netWork 
bandWidth. In other Words, the user of representations may 
alloW a larger number of records to be returned by the server 
in a single block. The client may then retrieve the actual 
values from a locally cached table, based on the received 
representations. 

[0024] As used herein, the term client generally refers to 
an application that runs on any type of computer system 
(e.g., a personal computer, Workstation, handheld computer, 
etc.) that relies on a server to perform some operations. The 
term server generally refers to an application that performs 
operations for a client (e.g., a database server processes 
queries issued by a client). The terms client and server may 
also refer to the respective machines (e.g., computer sys 
tems) running the client and server applications. HoWever, 
the client and server applications may also reside on the 
same machine. 

[0025] As used herein, the term database generally refers 
to any collection of data, regardless of the particular physical 
representation (or “schema”) and the terms database and 
data source may be used interchangeably. The term schema 
generically refers to a particular arrangement of data. In 
other Words, a database may be organiZed according to a 
relational schema (accessible by SQL queries), an XML 
schema (accessible by XML queries), or any other schema 
presently knoWn or to be developed. As used herein, the term 
?eld (also commonly referred to as an entity) generally 
refers to any object about Which data can be stored. Accord 
ingly, the exact form of a ?eld may depend on the particular 
physical data representation of the underlying database. For 
example, in a relational data representation, a ?eld com 
monly takes the form of a column in a table. 

[0026] Embodiments of the present invention may be used 
to advantage When accessing and manipulating data stored 
in any type ?elds from any type database regardless of the 
underlying schema. When accessing and manipulating the 
data, statistical information regarding the data may be col 
lected from the database. The statistical information may be 
stored in any type of data object including, but not limited 
to, any type of database index, such as bitmap indexes, 
binary tree indexes, radix indexes, encoded vector indexes 
(EVIs), or any other type of indexes presently knoWn or to 
be developed. HoWever, to facilitate understanding, embodi 
ments of the present invention Will be described beloW With 
reference to column-level information contained in EVIs as 
a speci?c, but not limiting example, of a type of statistical 
information 

An Exemplary Environment 

[0027] One embodiment of the invention is implemented 
as a program product for use With a computer system such 
as, for example, the client computer system 110 (referred to 
hereinafter as client 110) of the data processing environment 
100 shoWn in FIG. 1 and described beloW. The program(s) 
of the program product de?nes functions of the embodi 
ments (including the methods described herein) and can be 
contained on a variety of signal-bearing media. Illustrative 



US 2004/0181533 A1 

signal-bearing media include, but are not limited to: information permanently stored on non-Writable storage 

media (e.g., read-only memory devices Within a computer 
such as CD-ROM disks readable by a CD-ROM drive); (ii) 
alterable information stored on Writable storage media (e.g., 
?oppy disks Within a diskette drive or hard-disk drive); or 
(iii) information conveyed to a computer by a communica 
tions medium, such as through a computer or telephone 
netWork, including Wireless communications. The latter 
embodiment speci?cally includes information doWnloaded 
from the Internet and other netWorks. Such signal-bearing 
media, When carrying computer-readable instructions that 
direct the functions of the present invention, represent 
embodiments of the present invention. 

[0028] In general, the routines executed to implement the 
embodiments of the invention, may be part of an operating 
system or a speci?c application, component, program, mod 
ule, object, or sequence of instructions. The softWare of the 
present invention typically is comprised of a multitude of 
instructions that Will be translated by the native computer 
into a machine-readable format and hence executable 
instructions. Also, programs are comprised of variables and 
data structures that either reside locally to the program or are 
found in memory or on storage devices. In addition, various 
programs described hereinafter may be identi?ed based 
upon the application for Which they are implemented in a 
speci?c embodiment of the invention. HoWever, it should be 
appreciated that any particular nomenclature that folloWs is 
used merely for convenience, and thus the invention should 
not be limited to use solely in any speci?c application 
identi?ed and/or implied by such nomenclature. 

[0029] Referring noW to FIG. 1, the data processing 
environment 100 is shoWn. In general, the data processing 
environment 100 includes the client 110 and one or more 
netWorked devices, such as netWorked devices 146 and a 
database server 147. The client 110 may represent any type 
of computer, computer system or other programmable elec 
tronic device, including a client computer, a server com 
puter, a portable computer, an embedded controller, a PC 
based server, a minicomputer, a midrange computer, a 
mainframe computer, and other computers adapted to sup 
port the methods, apparatus, and article of manufacture of 
the invention. In one embodiment, the client 110 is an 
eServer iSeries 400 available from International Business 
Machines of Armonk, NY. 

[0030] The client 110 could include a number of operators 
and peripheral systems as shoWn, for example, by a mass 
storage interface 137 operably connected to a direct access 
storage device (DASD) 138, by a video interface 140 
operably connected to a display 142, and by a netWork 
interface 144 operably connected to the one or more net 
Worked devices 146 and the database server 147. The 
display 142 may be any video output device for outputting 
vieWable information. The netWorked devices 146 may be 
any combination of any type netWorked devices, such as, 
netWorked printers and netWork accessed storage (NAS) 
devices. The database server 147 may be used to access 
(e.g., serve) data from a database 148. 

[0031] The client 110 is shoWn comprising at least one 
processor 112, Which obtains instructions and data via a bus 
114 from a main memory 116. The processor 112 could be 
any processor adapted to support the methods of the inven 
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tion. The main memory 116 is any memory suf?ciently large 
to hold the necessary programs and data structures. Main 
memory 116 could be one or a combination of memory 
devices, including Random Access Memory, nonvolatile or 
backup memory, (e.g., programmable or Flash memories, 
read-only memories, etc.). In addition, main memory 116 
may be considered to include memory physically located 
elseWhere in a client 110, for example, any storage capacity 
used as virtual memory or stored on a mass storage device 

(e.g., DASD 138) or on another computer coupled to the 
client 110 via bus 114. 

[0032] The main memory 116 is shoWn con?gured With an 
operating system 118. The operating system 118 is the 
softWare used for managing the operation of the client 110. 
Examples of the operating system 118 include UNIX, 
Microsoft WindoWs®, and the like. As illustrated, the main 
memory 116 further includes at least one application 120 
With an application optimiZer 122. The application 120 is a 
softWare product comprising a plurality of instructions that 
are resident at various times in various memory and storage 
devices in the client 110. When read and executed by one or 
more processors 112 in the client 110, the application 120 
causes the client 110 to perform the steps necessary to 
execute steps or elements embodying various aspects of the 
invention. 

[0033] For some embodiments, the application 120 is 
generally con?gured to send queries to the database server 
147 to access data from the database 148. While shoWn as 

separate from the client 110, for some embodiments, the 
client 110 and database server 147 may reside on the same 
computer system. In either case, the application optimiZer 
122 is generally con?gured to enhance performance of the 
application 120 in processing data received from the data 
base 148 by accessing statistical information regarding 
distribution of the data in the database 148. As previously 
described, the format of the statistical information may 
depend on the underlying physical representation of the 
database 148. For example, if the database 148 has a 
relational physical representation, the statistical information 
may take the form of column level statistics 149 describing 
the distribution of data among columns Within tables of the 
database 148. 

[0034] As illustrated in FIG. 2A, for some embodiments, 
column level statistics 149 may be contained in one or more 
indexes 180 created over corresponding columns of the 
database 148. FIG. 2A illustrates a relational vieW of 
softWare components of the client 110 and server 147 that 
may be utiliZed to accomplish aspects of the present inven 
tion according to one embodiment. The client application 
120 may send queries to the server 147, Which may be 
received and processed by a query execution component 
150, Which may include a query optimiZer 152. As previ 
ously described, the query optimiZer 152 may be generally 
con?gured to determine the most ef?cient Way to execute 
each query against the database 148, for example, based on 
the column-level statistics 149 contained in the indexes 180. 

An Exemplary Index 

[0035] FIG. 2B shoWs an exemplary encoded vector index 
(EVI) 180 for a column of US. states that illustrates the type 
of statistical information that may be contained in an index. 
As shoWn, the EVI 180 may have tWo basic components: a 
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symbol table 182 and a vector 184. The symbol table 182 
contains a distinct key list corresponding to distinct values 
of the column, along With statistical and descriptive infor 
mation about each distinct value in the index, such as the 
number of occurrences in the column (labeled “COUNT”) of 
each distinct value. The symbol table 182 maps each distinct 
value to a distinct code. In general, any distinct value, of any 
length, can be represented by a small byte code, provided the 
byte length of the code is suf?cient to represent the number 
of distinct values. For example, a single byte code can 
represent 256 distinct values, Which is more the sufficient to 
represent 50 distinct US. states. The ability to represent the 
relatively long string lengths With a relatively small byte 
code provides a type of compression. As Will be described 
in greater detail beloW, this concept of a loW byte code 
representation may also be utiliZed to reduce netWork traf?c 
(e.g., by increasing the number of records that can be 
transferred in a single block) betWeen the client 110 and 
server 148. 

[0036] The other component of the EVI 180, the vector 
184, contains a byte code value for each entry in the column 
(i.e., each roW in the relational table). This byte code 
corresponds to the code in the symbol table and represents 
the actual column value found in the respective roW in the 
database table. The byte codes are in the same ordinal 
position in the vector 184, as the roW it represents in the 
table. In other Words, in the illustrated example, a “1” in the 
?rst position of the vector 184 indicates the ?rst roW of the 
database table has an entry for “Alabama” in the state 
column. The query optimiZer 152 may use the symbol table 
182 to obtain statistical information about the data for the 
column associated With the EVI. If the optimiZer 152 
decides to use the EVI 180 to process the query, the vector 
184 may be used to build a dynamic bitmap, Which contains 
one bit for each roW in the table. If a roW satis?es the query 
(e.g., a match betWeen a condition and the value in the 
column, as indicated by the code in the vector 184), the bit 
is set on. If the roW does not satisfy the query, the bit is set 
off. Similar bitmaps may be generated for other conditions 
of the query (using other indexes 180 generated over those 
columns). The bitmaps may then be ANDed together to 
determine Which roWs satisfy all of the corresponding query 
conditions. 

[0037] In summary, the index 180 may include, among 
other things, the folloWing statistical information: the type 
and siZe of data stored in the column, the number of distinct 
values stored in the column, and the number of occurrences 
of each distinct value. Referring back to FIG. 2A, as 
previously described, this statistical information may also be 
useful to the application 120, for the purposes of manipu 
lating data requested from the database 148. Therefore, in 
contrast to conventional database systems, the application 
120 may also access the indexes 180, for example, With an 
application optimiZer 122. 

[0038] The application optimiZer 122 is a softWare com 
ponent (e.g., a driver) included or associated With the 
application 120 and generally con?gured to optimiZe the 
manipulation (e.g., formatting, processing, etc.) of data 
retrieved from the database 148 by the application 120 based 
on the statistical information regarding the data, such as the 
type of statistical information that may be stored in the 
indexes 180. The application optimiZer 122 may access the 
indexes 180 using any suitable technique, such as using a 
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call level interface to the database 148. Examples of com 
mon call level interfaces include the Open Database Con 
nectivity (ODBC) and Java Database Connectivity 
(JDBCTM) call level interfaces. 

[0039] For some embodiments, in an effort to improve 
ef?ciency of the application 120, indexes may be created 
speci?cally for columns to be accessed by the application 
120. For example, While indexes are typically created over 
columns that are likely to be searched in order to assist the 
query optimiZer 152 in determining a search strategy, 
according to the present invention, indexes may be created 
over columns that are likely returned as query results in 
order to assist the application optimiZer 122 in generating 
various data objects that may improve the ef?ciency With 
Which the application 120 manipulates data retrieved from 
the columns. 

Caching Pre-Formatted Data Objects and Data 
Representations 

[0040] The various data objects may include a column 
status table 162, a pre-formatted columns table 164, and a 
column representations table 166, shoWn in FIG. 2A as 
residing in a client-side cache 160. As illustrated, copies of 
the column status table 162 and column representations table 
166 (having reference numerals 162‘ and 166‘, respectively) 
may also reside in a server-side cache 170 for use in 
server-side operations to be described beloW. The column 
status table 162 may include one or more column status 
records 163, each corresponding to a column of the database 
148. In general, the column status records 163 indicate (e.g., 
to the application optimiZer 122 and the query optimiZer 
152) Whether certain features of the present invention, such 
as the caching of pre-formatted column values and the use 
of byte-code representations of actual column values, are 
enabled. 

[0041] FIG. 2C illustrates an exemplary column status 
table 162 having column status records 163 according to one 
embodiment of the present invention. As illustrated, the 
column status records 163 may have ?elds to identify the 
column, the associated database table containing the col 
umn, and status ?ags (i.e., Boolean ?elds that may be 
ENABLED or DISABLED) to indicate Whether pre-format 
ted caching and/or the use of representations is enabled. The 
status ?ags may be tested by the client 110 and/or the server 
147 to determine Which features (if any) are enabled for a 
given column. Of course, for various embodiments, the 
types of ?elds in the column status record may differ. For 
example, for some embodiments, only one of pre-formatted 
caching or the use of representations may be implemented 
and, therefore, the column status records 163 may only have 
a status ?ag for the implemented feature. 

[0042] If the caching of pre-formatted column values is 
enabled, rather than manually format a data object retrieved 
from the database 148, the client 110 may retrieve a pre 
formatted data object from a corresponding pre-formatted 
column record 165 in the pre-formatted column records 
table 164. Thus, caching pre-formatted column values may 
reduce processing overhead associated With formatting. As 
an example, the client 110 may be required to retrieve a date 
from the database 148 for display to a user. While the date 
may be stored in a DATE column of the database 148 as a 
byte string, for example, the client 110 may be required to 
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format the date to a standard readable format. As illustrated 
in FIG. 2D, 3 pre-formatted column record 165 correspond 
ing to a distinct value of the date column may be generated. 
Rather than format the data received (e.g., a byte string 
“01012001”), the client 110 may retrieve the pre-formatted 
data object (e.g., a character string “Jan. 1, 2001”), thus 
avoiding the processing overhead associated With formatting 
(e.g., creation of a data object for the formatted object, 
converting the data to the proper format, etc.). 

[0043] If the use of data representations is enabled, rather 
than send potentially large (e.g., many bytes) requested data 
entries, the server 147 may send smaller (e.g., feWer bytes) 
representations of the data entries, thus increasing the num 
ber of roWs that may be transferred per block and reducing 
netWork traf?c betWeen the server 147 and client 110. The 
client 110 may then retrieve the actual data entries from the 
column representation table 166. As an example, upon 
receiving a single byte-code representation “01” for a state, 
the client may retrieve the actual state name “Alabama” 
from a column representation record 167, such as that 
illustrated in the column representations record table 166 of 
FIG. 2E. 

Exemplary Operations 

[0044] The concepts of pre-formatted column caching and 
the use of data representations may be further explained With 
reference to FIG. 3, Which illustrates exemplary operations 
300 that may be performed by the client 110 to access and 
manipulate data from the database 148. The operations 300 
begin at step 302, by detecting an event (e.g., a need in the 
application 120) to retrieve and format data from a column 
of the database 148. 

[0045] At step 304, a determination is made as to Whether 
the column has been accessed before, for example, Within a 
predetermined time period or since the application 120 has 
been invoked. If the column has not been accessed before, 
statistics for the column are retrieved, at step 306, for 
example, by accessing an index 180 for the column, and a 
status record 163 corresponding to the column is updated 
(and/or created, if necessary) based on the column-level 
statistics. FIG. 4 illustrates exemplary operations for updat 
ing a status record 163 based on statistics of a corresponding 
column. 

[0046] Once the column level statistics have been 
retrieved and the corresponding column status record 163 
has been updated (or if the column had been accessed 
before), processing proceeds to step 308 to retrieve data 
from the server 147. For example, an appropriate query may 
be sent to the server 147 to retrieve the requested data. FIG. 
5, described beloW, illustrates exemplary operations the 
server 147 may perform upon receiving the request for data 
from the client 110, for example, to determine Whether to 
send to the client the actual data requested or a (smaller byte 
siZe) representation of the actual requested data. 

[0047] At step 310, the client 110 determines Whether the 
data retrieved from the server 147 is the actual requested 
data or a representation of the requested data, for example, 
by checking the corresponding ?ag in the column status 
record 163. If the retrieved data is a representation of the 
requested data, the actual requested data is retrieved from 
the column representations table 166, at step 312. For 
example, the client 110 may search the column representa 
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tions table 166 for a column representation record 167 With 
a representation ?eld that matches the representation sent by 
the server 147. 

[0048] Once the client has the actual requested data 
(Whether received directly from the server 147 or retrieved 
from the column representations table 166), a determination 
is made, at step 314, as to Whether pre-formatted caching is 
enabled for the column. As previously described, the deter 
mination may be made by examining (the pre-formatted 
enabled ?ag of) the column status record 163 for the column. 
If pre-formatted caching is not enabled, the data is formatted 
at step 316, and the formatted data is returned (e.g., to the 
application 120 for further processing), at step 326. 

[0049] If pre-formatted caching is enabled, at step 318, a 
determination is made as to Whether a pre-formatted record 
165 already exists for the retrieved data in the pre-formatted 
column table. If so, the pre-formatted data object is retrieved 
from the corresponding pre-formatted record 165 for the 
column value returned, and the pre-formatted data object is 
returned, at step 326. If a pre-formatted record 165 does not 
exist for the retrieved data, the data is formatted, at step 322, 
and a pre-formatted record 165 containing the formatted 
data is added to the pre-formatted column table 164, at step 
324, prior to returning the formatted data, at step 326. In 
other Words, the ?rst time a neW column value is returned, 
the client 110 may generate a neW pre-formatted column 
record 165, Which may be used the next time the same 
column value is returned. 

AnalyZing Column-Level Statistics 

[0050] As previously described, FIG. 4 illustrates exem 
plary operations 400 that may be performed by the client 110 
to create and/or update column status records 163 (e.g., to 
enable or disable pre-formatted column caching and/or the 
use of representations for a given column), based on the 
corresponding column-level statistics. In general, the higher 
the likelihood that a distinct value Will be returned repeat 
edly from the column, the more desirable it Will be to enable 
the caching of pre-formatted data and/or the use of smaller 
byte-codes to represent actual data values for the column. In 
other Words, the more often the distinct value is accessed 
from a column, the greater the increase in client performance 
due to pre-formatted column caching and/or the greater the 
increase in netWork bandWidth due to the use of smaller byte 
representations of actual column values. 

[0051] For some embodiments, a determination of 
Whether any distinct value of a column is likely to be 
returned relatively often may be made by examining the 
number of distinct values in the column. For example, a 
predetermined threshold value may be de?ned. If the num 
ber of distinct values is beloW the threshold value, it may be 
determined that at least some of the distinct values Will be 
returned relatively often. The predetermined threshold 
(NTHRESHOLD) may be set relative to a total number of 
entries (roWs) for the column. As an example, referring back 
to FIG. 2D, in a table With thousands of roWs of patient 
records, the threshold value may be set at 100. A column of 
names may have thousands of distinct values (>NTHRESH 
OLD), While a column of states Will have at most ?fty distinct 
values (<NTHRESHOLD). Therefore, the likelihood of a dis 
tinct value being returned relatively often from the state 
column is higher than the likelihood of a distinct value being 
returned relatively often from the name column. 
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[0052] For other embodiments, rather than examine only 
the number of distinct values in the column, the number of 
occurrences (e.g., as indicated by the COUNT ?eld in the 
symbol table 182 of FIG. 2B) of each distinct value may 
also be examined and possibly compared to the total number 
of entries for the column. This may be preferable, for 
example, if a column contains a relatively high number of 
distinct values With a small number of these distinct values 
occurring much more often than others. In other Words, this 
relatively small number of distinct values are likely to be 
returned relatively often. Therefore, pre-formatted column 
caching may still be enabled for this column. 

[0053] The operations 400 begin, at step 402, by retrieving 
statistics for a column for Which data is to be retrieved. At 
step 404, a determination is made (for example, as described 
above) as to Whether any of the distinct values of the 
columns are likely to be returned relatively often. If it is 
determined that none of the distinct values of the column are 
likely to be returned relatively often, the advantages to 
pre-formatted caching and/or the use of data representations 
for that particular column may not justify the overhead in 
creating the necessary tables. Therefore, at step 412, pre 
formatted caching is disabled for the column and, at step 
414, the use of representation for the column is disabled, for 
example, by clearing the respective ?ags for these features 
in the column status record 163. 

[0054] If it is determined that at least some of the distinct 
values of the column are likely to be returned relatively 
often, pre-formatted caching is enabled, at step 406. At step 
408, the siZe of the column is examined to determine if the 
use of representations should be enabled for the column. If 
the column is relatively large, the use of representations is 
enabled, at step 410. For example, the siZe (in bytes) of the 
column may be compared to the number of bytes required to 
represent the distinct values in the column. Again, using the 
states column as an example (and assuming no abbreviations 
are used), the siZe of the column may be relatively large 
(e.g., to hold up to 14 characters for the Carolinas), While a 
single byte code may be used to represent all 50 states, 
resulting in substantial compression of the column data. 

[0055] On the other hand, if the column is not relatively 
large, the use of representations is disabled, at step 414. For 
example, if the states in the column are stored as 2 letter 
abbreviations, a single-byte code Would only represent a 
tWo-to-one reduction, Which may not justify the use of 
representations, considering it is the data alone that is, in 
effect, compressed by the representation, and not the rest of 
the query results message (header, checksum, etc). The 
operations 400 are exited, at step 416, for example, by 
returning an updated column status record 163. 

Server-Side Operations 

[0056] As previously described, the server 147 may be 
con?gured to perform certain operations in order to imple 
ment the use of representations. FIG. 5 is a flow diagram of 
one example of such operations 500 the server 147 may 
perform to determine Whether to send actual data or a 
representation of actual data. The operations 500 begin at 
step 502, by receiving a request (e.g., from the client 110), 
for data from a column of the database 148. 

[0057] At step 504, a determination is made as to Whether 
pre-formatted caching is enabled for the column, for 
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example, by testing a ?ag in the column status record 163 
associated With the column for Which data is requested. As 
previously described, for some embodiments, the use of 
representations may be disabled When caching is disabled. 
Therefore, if caching is disabled, the actual data is sent, at 
step 508. Of course, for some embodiments, the use of 
representations may be enabled independently of pre-for 
matted caching. Regardless, even if caching is enabled, but 
the use of representations is disabled (e. g., the column is not 
large enough), as determined at step 506, the actual data is 
sent, at step 508. 

[0058] If the use of representations is enabled, hoWever, a 
determination is made, at step 510, as to Whether a repre 
sentation record 167‘ for the actual requested data already 
exists. For example, the server 147 may search the column 
representation table 166‘ for a column representation record 
167‘ for to the actual data. If a column representation record 
167‘ already exists, the representation is sent to the client 
110, at step 516. If a representation 167‘ does not exist, a 
representation is generated, at step 512, and, at step 514, a 
column representation record 167‘ containing the neWly 
generated representation is added to the column represen 
tation table 166‘ (e.g., for use in processing a subsequent 
request), prior to returning the representation, at step 516. 
Any suitable techniques may be utiliZed to generate the 
representation, such as a the use of compression algorithms, 
any type of assignment algorithms, sequential numbering, or 
any other type function. Of importance is that each repre 
sentation corresponds to a different distinct value of the 
column, and has feWer bytes. 

[0059] Of course, the operations 500 are exemplary only 
and the illustrated operations may be varied for different 
embodiments. For example, for some embodiments, the 
decision to use representations for a column may be made at 
the server 147 rather than the client 110. Therefore, a server 
side process (e.g., the query optimiZer 152) may examine the 
column siZe (e.g., similar to step 412 of FIG. 4) to determine 
Whether representations should be used for a column and 
may, therefore, update the corresponding column status 
record 163 accordingly. 

Synchronizing Commonly Accessed Records 

[0060] Regardless of Whether the decision to use repre 
sentations is made at the client or server, it is important to 
ensure that the column status tables 162/162‘ and column 
representations tables 166/166‘ are synchroniZed. For 
example, the client 110 needs to knoWs When the server 147 
is sending a representation rather than the actual requested 
data, as Well as the actual column value represented. For 
some embodiments, a protocol may be established to ensure 
that tables accessed by both the client 110 and server 147 are 
current. For example, When enabling/disabling pre-format 
ted caching or the use of representations for a column, the 
client 110 may send the corresponding column status record 
163 to the server 147 for use in updating/replacing a column 
status record 163‘. In a similar manner, When the server 
creates a neW representation, the associated representation 
record 166 may be sent to the client to add to the client-side 
cache. 

Conclusion 

[0061] While the conventional use of database indexes has 
been limited to providing statistics (e.g., column-level sta 
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tistics) regarding distribution of data to a query optimizer in 
an effort to enhance searching, aspects of the present inven 
tion extend the use of database indexes to a requesting client. 
For example, the client may access indexes (or other type 
objects that provide information regarding distribution of 
data in a database) in an effort to enhance the manipulation 
and/or access of requested data. Data likely to be returned 
often (e.g., as indicated by a relatively loW number of 
distinct values in a column) may be pre-formatted and stored 
in a cache. Upon receiving data, rather than formatting the 
received data, the client may retrieve pre-formatted data 
from the cache, thereby reducing processing overhead. For 
some embodiments, the client may also determine that data 
likely to be returned is relatively large (i.e., high number of 
bytes). The client may request that a relatively small repre 
sentation (i.e., feWer bytes) of the data be sent instead of the 
actual data, thus increasing the number of roWs returned in 
each block and thereby reducing netWork traffic betWeen the 
client and server. 

[0062] While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 

What is claimed is: 
1. A method for use by a client in accessing and manipu 

lating data from a data source, the method comprising: 

obtaining information regarding one or more distinct data 
values of a ?rst format stored in a ?eld of a data source 
to be queried by the client; and 

based on the information, generating one or more data 
objects, each containing one of the distinct values and 
a corresponding pre-formatted data value of a second 
format. 

2. The method of claim 1, Wherein the information is 
contained in an index created for the ?eld. 

3. The method of claim 2, Wherein the index is an encoded 
vector index having a symbol table listing each of the 
distinct values. 

4. The method of claim 1, Wherein the ?eld is a column 
in a table of a relational data base. 

5. The method of claim 1, Wherein: 

the information indicates a total number of distinct data 
values for the ?eld; and 

the method further comprises deciding Whether to gener 
ate the one or more data objects based on a comparison 
of the total number of distinct data values to a prede 
termined threshold number. 

6. The method of claim 1, further comprising: 

sending a ?rst query to the data source for data from the 
?eld; 

receiving, in response to the ?rst query, data from the data 
source comprising at least a ?rst one of the distinct data 
values stored in the ?eld; 

formatting the ?rst distinct data value; and 

generating a data object containing the distinct value and 
the formatted data value. 
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7. The method of claim 6, further comprising: 

sending a second query to the data source for data from 
the ?eld; 

receiving, in response to the second request, data com 
prising at least the ?rst distinct data entry; and 

retrieving the formatted ?rst distinct value from the 
generated data object. 

8. The method of claim 1, further comprising, based on 
the information, to requesting that a server of the data source 
send, in response to queries for data from the ?eld, repre 
sentations of data values from the ?eld rather than actual 
data values, the representations having a smaller byte siZe 
than a byte siZe of the ?eld. 

9. The method of claim 8, further comprising: 

sending, to the data source, a query for data from the ?eld; 

receiving, in response to the query, a representation of the 
requested data rather than the actual requested data; and 

retrieving the actual requested data from a data object 
containing the actual data stored on the client. 

10. The method of claim 9, further comprising receiving, 
from the server, the data object containing the actual 
requested data. 

11. A computer readable medium containing a program 
Which, When executed by a client, performs operations for 
accessing and manipulating data from a data source com 
prising: 

obtaining information regarding one or more distinct data 
values of a ?rst format stored in a ?eld of a data source 
to be queried by the client; and 

based on the information, generating one or more data 
objects, each containing one of the distinct values and 
a corresponding pre-formatted data value of a second 
format. 

12. The computer readable medium of claim 11, Wherein 
obtaining the information comprises accessing an index 
created for the ?eld. 

13. The computer readable medium of claim 11, Wherein: 

the information indicates a total number of distinct data 
values for the ?eld; and 

the method further comprises deciding Whether to gener 
ate the one or more data objects based on a comparison 
of the total number of distinct data values to a prede 
termined threshold number. 

14. The computer readable medium of claim 11, Wherein 
the operations further comprise: 

sending a ?rst query to the data source for data from the 

?eld; 
receiving, in response to the ?rst query, data from the data 

source comprising at least a ?rst one of the distinct data 
values stored in the ?eld; 

formatting the ?rst distinct data value; and 

generating a data object containing the distinct value and 
the formatted data value. 

15. The computer readable medium of claim 14, Wherein 
the operations further comprise: 

sending a second query to the data source for data from 
the ?eld; 
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receiving, in response to the second request, data com 
prising at least the ?rst distinct data entry; and 

retrieving the formatted ?rst distinct value from the 
generated data object. 

16. A database system comprising: 

a database having at least one ?eld With one or more 

distinct values stored therein; and 

a client system comprising, 

a cache, 

one or more pre-formatted data records contained in the 
cache, each pre-formatted data record containing one 
of the distinct values and corresponding pre-format 
ted data, and 

an application con?gured to receive, from a server of 
the database, data comprising at least one of the 
distinct values, and to retrieve, from a corresponding 
one of the pre-formatted data records, pre-formatted 
data associated With the distinct value received from 
the server. 

17. The database system of claim 16, Wherein the appli 
cation is further con?gured to obtain, from the server, 
information regarding the one or more distinct values. 

18. The database system of claim 17, Wherein the appli 
cation is con?gured to obtain the information from one or 
more encoded vector indexes created for the ?eld. 
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19. The database system of claim 16, Wherein the appli 
cation is further con?gured to generate the one or more 

pre-formatted data records. 

20. The database system of claim 16, further comprising 
one or more data representation records, each data repre 
sentation record containing one of the distinct values and a 
corresponding representation, Wherein each representation 
has a smaller byte siZe than the corresponding distinct value 
it represents. 

21. The database system of claim 20, Wherein the appli 
cation is further con?gured to: 

send, to the server, a query for data from the ?eld; 

receive, in response to the query, a representation of the 
requested data rather than the actual requested data; and 

retrieve, from one of the data representation records, the 
distinct value corresponding to the representation 
received from the server. 

22. The database system of claim 21, Wherein the appli 
cation is further con?gured to receive, from the server, the 
data representation records. 


